
Icy Road Forecast and Alert (IcyRoad): 
Validation and Refinement Using MDT 

RWIS data

Menglin Jin, Founder, SpringGem Weather Information, LLC/University of 
Maryland, College Park

Menglin.jin@sg-weather.com
Jennifer Fowler, Director of Autonomous Aerial Systems
University of Montana, Jennifer.Fowler@mso.umt.edu

March 3, 2022 
Montana Department of Transportation 



Project Budget and Duration

• July 1, 2020 – September 31, 2021 (research) 

• October, 2021 – March, 31, 2022 (report )

Budget to SpringGem: $25,900



Pre-MDT IcyRoad

• Funded by Private invest and NSF SBIR Phase 1
significant progress on IcyRoad 

• Web app: https://sg-weather.com/weather/
• Mobile app:

Google Play:  Download          
https://play.google.com/store/apps/details?id=com.springgem

Apple App Store: Search “SpringGem”

Or scan the QR code  From company website

https://sg-weather.com/weather/


Current Status of IcyRoad 

• Revised IcyRoad forecasting algorithm – IcyRoad2->IcyRoad3-
>IcyRoad3v2 ->IcyRoad3.4
• Developed IcyBridge and IcyCity, beside IcyRoad
• Published new web-app, and mobile app



Speedy IcyRoad Forecast Across US

IcyRoad interactively sends forecast and alert of Icy Road status to users in 20 seconds, 24/7, across US and Canada
24-hr lead time





IcyRoad3 for MDT





Validation of IcyRoad Using RWIS sites
• Build online, automatic 

validation 
https://sg-

weather.com/INTERNAL/IcyRoadValidation/

Similar to Figure 4 in Task 1 Report

https://sg-weather.com/INTERNAL/IcyRoadValidation/


Example: Bozeman air temperature, IcyRoad 3 forecast vs RWIS

(results directly available at the online automated data analysis tool)



Bozeman IcyRoad3 forecast



Validation, January 2021 



Validation, February 2021



Validation March 2021



Scientific Understanding on Road Ice 
Formation

• Soil temperature vary less than 
pavement and air temperatures
• Soil temperature change ahs a lag 

phase delay (due to heat transfer 
to soil layer takes time)

Conclusion: Soil temperature is NOT 
a good index for ice formation

Pavement temperature higher that 
air temperature at some time, lower 
than it at another time

Figure 1 in Task 1 report



Bozeman (cont.)

• Pavement temperature and air 
temperature relations

Figure 2 in Task 1 Report



MacDonald Pass, Butte  (elevation above 1800 m)

• The road at this site was icy for >90% 
of days in January, 2020
• Snowfall was also monitored in most 

of the days there (77%), partly due to 
convection induced by orographic 
lifting and partly due to wind-blown 
snow from nearby regions being 
measured by the RWIS sensor
• Local calibration is needed in order to 

forecast road temperature correctly 
from Tair for a given region, since local 
elevation, cloud cover, and geographic 
conditions directly affect road/air 
temperature interactions

Figure 3 in Task 1 Report



Bridge – Yellowstone 
River Bridge

• Ice vs no ice has evident differences

• Daytime vs nighttime

• Regression gives first order relation 
between air and road pavement 
temperatures

Figures 15 and 16 in 
Task 1 ReportFigure 17 in Task 1 Report



Bearmouth, Missoula (1189 m elevation)

Figures 10 and 11 in Task 1 Report
The road temperature and 2-meter air temperature correlation coefficient was 0.92. 
Air temperature can be much higher than pavement temperature during the daytime, partly due to the fact that ice-covered
road surfaces do not heat up quickly. Nevertheless, it can also be lower than the latter. 

When roads were icy, the skin temperatures were always below 32°F (Fig. 11). Nevertheless, 2-meter surface air 
temperature could be above 32°F. 



Model Forecast Uncertainty

• All model forecast has 
uncertainty, due to limited 
understanding on ice formation 
physical processes
• The longer the lead time, the 

less accurate the model forecast
• Assimilate  ground observations 

with model forecast can improve 
forecast accuracy to an 
encouraging degree (icyroad3 
80%)

Figure 8 of Task 1 Report



Elevation Impact on Model Forecast Accuracy

• a negative correlation coefficient of -
0.25 between RWIS site elevation and 
icy status forecast for the site. 
• Although this negative coefficient may 

not be statistically significant, 
elevation is still one of the secondary 
factors for ice formation on roadways. 



IcyRoad3



IcyCity

Funed by SringGem other project   



IcyBridge

Funded by SringGem other project



RWIS site observation is not always correct



https://www.mdt.mt.gov/travinfo/map/mtmap_frame.html

No Forecast

Winter Road Report by MT 

Snow in the location
north of Billings

IcyRoad help!



1. IcyRoad3



2. IcyBridge



3.  Localized weather information – current and 8-
day forecast based on weather forecasting model

• Provide localized weather forecast 
• Include 

2-meter air temperature
wind speed and direction
Precipitation
Soil moisture
Clod cover
Relative humidity
more…

. At hourly, for 10-day lead time
https://sg-weather.com/mapboxTemperatureMinshapeWithTimeSeries - for 2-meter surface air temperature
https://sg-weather.com/mapboxRainMinshapeWithTimeSeries - for rainfall 

Hourly Temperature forecast for Vancouver, 2/2/2022

https://sg-weather.com/mapboxTemperatureMinshapeWithTimeSeries
https://sg-weather.com/mapboxRainMinshapeWithTimeSeries


4. Hazard  

• https://sg-weather.com/weatherforecast

https://sg-weather.com/weatherforecast


5. Sensor of pavement temperature, air temperature, relative humidity 
and wind – based on Internet-of-Things automated collect, transmit, 
and display data on web-server for more locations

Weather Service for Local Farm



6. NWS Montana Alert

Automatically receive alert issued by NWS for Montana

Example: 



7. 8-day forecast in Table from DIFFERENT
sources



Task 2 Validation of the Ice Formula

• 1st time that an unmanned aerial vehicle (UAV)-based hyperspectral 
sensor will be used for road ice detection. 
• High-risk drone-based remote sensing technology.
• Challenge to distinguish snow, ice, dry and wet roads with remote 

sensor.
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Task 2 Validation of the Ice Formula

• Road Ice Index θ = (NIR-RED)/(NIR+RED)
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Task 2 Validation of the Ice Formula

• Data collection
• Sensors
• Data Collections
• Experimental Setup
• Data Analysis Methods

• Results
• Sub-Zero Lab
• Airport 
• UM Campus UAS Flight

• Implementations
• Conclusion
• Implementation
• Cost
• Barriers
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Sensor

• Pika L
• 400-1000 nm
• 2.1 nm band
• 281 channels
• 1.55 kg (3.41 lbs.)
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Sensor

• Pika NIR-320
• 900-1700 nm
• 4.9 nm band
• 164 channels
• 4.31 kg (9.50 lbs.)
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Sensor

• ADS FieldSpec 3
• 350-2500 nm
• 2nm band
• 2151channels
• 5.44 kg (11.99 lbs.)

• without computer
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Data Collection

• Montana State University, Sub-zero Lab
• Pika L 
• NIR 320

• Missoula International Airport, Runway 26/8 
• Pika L
• ADS FieldSpec 3

• University of Montana
• M-600 UAS
• Pika L

7



Experimental Setup

• Sub-Zero Lab
• -4.4°C up to 4.4°C

• 2° increments 
• Pika L 
• NIR 320
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Experimental Setup

• Sub-Zero Lab
• Sample Preparation
• Numbering is for 

reference only
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Data Analysis Methods

• Road Ice Index θ= (1025nm-389nm)/(1025nm+389nm)
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Data Analysis Methods

• Principal Component Analysis 
• Hyperspectral 

• Python
• https://github.com/jfowler9/MDT_Icy_Roads.git
• Data cube
• Pulls specific wavelengths
• Remove calibration panel
• Runs index and averages by quadrant
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https://github.com/jfowler9/MDT_Icy_Roads.git


Results

• Road Ice Index θ = (NIR-RED)/(NIR+RED)
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Results

• Pika L
• 400-1000 nm

• PCA
• Resonon
• ArcGIS
• Python
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Airport

• Pika L
• PCA
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Airport

• ASD Spectrometer
• 350-2500 nm
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UM UAS Flight

• Pika L
• 400-1000 nm

• No visible ice
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Conclusion

• Road Ice Index θ = (NIR-RED)/(NIR+RED) is not definitive in this study
• Pika L is capable of differentiating 
• Dry asphalt/water/snow/ice
• PCA/Supervised classification/Road Ice Index*

• ADS Spectrometer shows some promise in specific bands
• 1,000 -1,100 nm 
• 1,800 – 1,900 nm
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Implementation

• Equipment
• Hyperspectral Sensor
• Platform
• Computing/Storage

• Personnel
• Training/Certification
• Program Specific
• FAA Licensing
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Cost

• Cost ~$42,000 per unit
• Personnel
• Training
• Certification (Part 107)

• Liability
• FAA regulation/waivers
• Flights over people and vehicles
• BVLOS
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Barriers to Implementation 

• Cost per unit ($42K)
• High risk of UAS failure due to propeller icing
• Flight time 
• Flight distance (line of sight)
• Data storage/processing/availability
• Work force
• FAA Regulations

22



Possible Future Directions

• Sensor Platforms
• Stationary 
• Ground Vehicles

• PCA of hyperspectral data
• Machine Learning 
• Training Data

• Passive Sensor vs Active Sensor 
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Questions?
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